Background: Sodium disarrays are common in peritoneal dialysis (PD) patients, and may be associated with adverse outcomes in this population. However, few studies of limited sample size have examined the association of serum sodium with mortality in PD patients, with inconsistent results. We hypothesized that both hypo-and hypernatremia are associated with higher death risk in a nationally representative cohort of US PD patients. Methods: We sought to examine the association of serum sodium over time and mortality among 4687 adult incident PD patients from a large US dialysis organization who underwent one or more serum sodium measurements within the first 3 months of dialysis over January 2007 to December 2011. We examined the association of time-dependent and baseline sodium with allcause mortality as a proxy of short-and long-term sodium-mortality associations, respectively. Hazard ratios were estimated using Cox models with three adjustment levels: minimally adjusted, case-mix adjusted, and case-mix þ laboratory adjusted. Results: In time-dependent analyses, sodium levels <140 mEq/ L were associated with incrementally higher death risk in casemix models (ref: 140 to <142 mEq/L); following laboratory covariate adjustment, associations between lower sodium and higher mortality remained significant for levels <136 mEq/L. In analyses using baseline values, sodium levels <140 mEq/L were associated with higher mortality risk across all models (ref: 140 to <142 mEq/L). Conclusions: In PD patients, lower time-dependent and baseline sodium levels were independently associated with higher death risk. Further studies are needed to determine whether correction of dysnatremia improves longevity in this population.
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I N T R O D U C T I O N
Sodium derangements are the most frequently encountered electrolyte disorder among advanced chronic kidney disease (CKD) patients, including those undergoing maintenance dialysis [1] . In comparison with the general population, observational data show that pre-dialysis CKD and hemodialysis patients have a 2-fold higher prevalence of hyponatremia compared with the general population, likely resulting from volume overload, excess free water intake, impaired free water clearance, protein-energy wasting and co-existing illnesses (e.g. congestive heart failure, cirrhosis) [1] [2] [3] [4] .
Peritoneal dialysis (PD) patients, too, may have unique predisposition to hypo-and hypernatremia ensuing from various causes. While water is removed via both aquaporins and 'small pores' with PD, sodium is removed across the 'small pores'. Movement of water through the aquaporins occurs primarily during early phases of the dwell resulting in greater removal of water than sodium, long recognized as sodium sieving with PD [2, 5] . Hence, the length of the dwell has an important influence on the relative removal of sodium and water, which in turn is likely to have a significant effect on serum sodium levels. The PD prescription for any given peritoneal solute transfer rate is, thus, possibly an important determinant of the prevalence of hypo-or hypernatremia. As importantly, glucose absorption from dextrose-based dialysate or icodextrin metabolites can result in lower serum sodium levels [2, 5, 6] . That the effects of PD on serum electrolytes are different is exemplified by a significantly higher prevalence of hypokalemia and lower prevalence of metabolic acidosis compared with patients treated with maintenance hemodialysis [7, 8] .
While several studies have shown that dysnatremia is associated with higher death risk in advanced CKD and 
hemodialysis patients, given these considerations, separate examination of the association of serum sodium with mortality is warranted in the PD population [3, [9] [10] [11] [12] [13] . However, there have been few studies of the association between serum sodium and mortality in PD patients; they provide limited evidence owing to small sample size precluding the possibility of granular examination of serum sodium levels, pooling data from incident and prevalent PD patients with distinct residual kidney function profiles, and inability to consider short-and long-term effects of serum sodium on mortality [14] [15] [16] . Thus, to address these limitations, we sought to examine the association of repeated and baseline measures of serum sodium level over time with all-cause mortality among incident PD patients from a large US dialysis organization with comprehensive availability of comorbidity and laboratory data. We also examined clinical characteristics associated with low baseline sodium level in these patients. We hypothesized that both hypo-and hypernatremia were independently associated with higher death risk in this nationally representative population of patients undergoing PD.
M A T E R I A L S A N D M E T H O D S

Source cohort
We conducted an observational study using national data from a large dialysis organization in the USA with detailed patient-level information on socio-demographics, comorbidities, laboratory tests, dialysis treatment characteristics, clinical events and vital status [17, 18] . Our source population was an incident cohort of 6651 adult dialysis patients who solely received PD from one of the facilities operated by the dialysis provider over a 5-year period (1 January 2007 to 31 December 2011). Patients were included provided that at the time of baseline sodium measurement they had a dialysis vintage of >60 days, and had one or more sodium measure(s) during their baseline quarter (first 91 days) of dialysis. Patients were excluded from the study if they underwent treatment with a dialysis modality other than PD at any time during follow-up or had an outlier sodium value below the 0.5th percentile of observed values (<125 mEq/L; Supplementary data, Figure S1 ). The study was approved by the Institutional Review Committees of the Los Angeles Biomedical Research Institute at Harbor-UCLA, University of California Irvine Medical Center and University of Washington.
Exposure ascertainment
The exposure of interest was serum sodium level, and we sought to examine the association between sodium level and allcause mortality using two approaches: (i) time-dependent sodium-mortality associations were examined in order to ascertain short-term exposure-mortality associations, and (ii) baseline sodium-mortality associations were assessed in order to ascertain long-term exposure-mortality associations [19] . For the time-dependent analyses, the median [interquartile range (IQR)] number of quarterly-averaged sodium measurements contributed by each patient was 4 (2, 8) .
In primary analyses, serum sodium level was divided into seven a priori selected categories: <134, 134 to <136, 136 to <138, 138 to <140, 140 to <142 (reference group), 142 to <144, and !144 mEq/L. In sensitivity analyses, we examined serum sodium as a continuous predictor using restricted cubic spline analyses with knots defined at the 25th, 50th and 75th percentiles of observed sodium values (sodium levels 138, 140 and 141 mEq/L, respectively, for both time-dependent and baseline sodium analyses).
Laboratory data collection and peritoneal equilibrium test characteristics
Serum samples for laboratory testing, including serum sodium, were drawn within the outpatient dialysis clinics of the large dialysis organization using uniform techniques, and were transported to a single central laboratory in Deland, Florida typically within 24 h of collection, for sodium measurement. All laboratory testing was conducted using automated and standardized methods. All laboratory results, including serum sodium, were ascertained as the mean of all values over successive 91-day periods from the date of first dialysis.
We also considered peritoneal equilibrium test (PET) data in a subcohort of 3035 patients among whom testing was conducted [18] . The PET is a standardized test used to assess peritoneal solute transfer rate [20, 21] . Following infusion of PD dextrose-based dialysis solution, the ratio of the dialysate to plasma creatinine (D/P Cr ratio) at the end of a 4-h dwell was calculated and used to classify peritoneal membrane transport capability, defined as low (<0.52), average (0.52 to <0.78) or high (!0.78) in this study. In a subcohort of 2948 patients, we also examined data examining the ultrafiltration volume at the end of the 4-h dwell, defined as '4-h PET ultrafiltration volume ¼ 4-h drain volume À 4-h infusion volume' [18] .
Outcome ascertainment
The primary outcome of interest was all-cause mortality. Atrisk time began the day after the baseline quarter of sodium measurement. Patients were censored for kidney transplantation, transfer to a dialysis facility operated by another provider or at the end of the study (31 December 2011).
Statistical analyses
We first sought to determine clinical characteristics associated with low versus high serum sodium, in which sodium levels were dichotomized as <136 mEq/L versus !136 mEq/L, respectively. We conducted logistic regression analyses examining the association between baseline socio-demographic, comorbidity, PD treatment and laboratory test characteristics with baseline serum sodium level.
We then estimated the association between sodium level and mortality using Cox proportional hazard models with three hierarchical levels of covariate adjustment. In time-dependent analyses, laboratory data were examined as time-dependent covariates summarized over 91-day periods (i.e. mean or median values over the quarter for each patient).
(i) Minimally adjusted model: adjusted for patient's calendar quarter of entry into the cohort; (ii) Case-mix adjusted model: adjusted for covariates in the minimally adjusted model, as well as age, sex, race/ ethnicity, primary insurance and baseline comorbidities including diabetes, hypertension, congestive heart failure, atherosclerotic heart disease, cerebrovascular disease, other cardiovascular disease, chronic obstructive pulmonary disease, human immunodeficiency virus, history of cancer and alcohol abuse; (iii) Case-mix þ laboratory test adjusted model: adjusted for covariates in the case-mix model, as well as serum albumin, serum creatinine, total iron binding capacity, calcium, phosphorus, parathyroid hormone, ferritin, iron saturation, hemoglobin, white blood cell count, peritoneal urea clearance (peritoneal Kt/v), renal urea clearance (renal Kt/V), use of automated PD during the baseline quarter and use of automated PD anytime during the follow-up period.
We a priori defined the case-mix adjusted model as our preferred model, which forced into the model core sociodemographic measures and other confounders of the association between sodium and mortality. Based on prior data highlighting hyponatremia as a mortality predictor in patients with acute-on-chronic liver failure, which in and of itself is associated with higher death risk, we also conducted sensitivity analyses that incrementally adjusted for liver disease as a potential confounder of the sodium-mortality association [22] . In order to explore potential causal pathways that might mediate the association between serum sodium level and mortality, we designated the case-mix þ laboratory adjusted model as an exploratory model in which we added covariate terms for potential pathway intermediates to the case-mix adjusted model and observed for attenuation of effect estimates. To determine the impact of key confounders highlighted in prior literature upon estimates of the sodium-mortality association, namely serum potassium, serum glucose and serum bicarbonate, we examined three additional models that separately adjusted for these covariates in addition to case-mix þ laboratory test covariates: (iv) case-mix þ laboratory þ potassium, (v) case-mix þ laboratory þ glucose and (vi) case-mix þ laboratory þ bicarbonate adjusted models [2, [14] [15] [16] . Proportional hazards assumptions were checked by graphical and formal testing. In addition to conducting glucose-adjusted analyses (case-mix þ laboratory test þ glucose adjusted model), we also separately conducted analyses in which sodium was corrected for serum glucose using the following formula: glucose-corrected sodium ¼ measured sodium þ 0.016 Â (serum glucose À 100) using unadjusted, case-mix and case-mix þ laboratory test adjusted models [12] . The mean 6 standard deviation (SD), median (IQR) and minimum-maximum values of observed baseline glucose values were 158 6 67, 140 (108, 193) and 27-742 mEq/L, respectively.
Missing data were handled using methods that included multiple imputation. There were no missing values for age, sex, diabetes, primary insurance, baseline comorbidities or baseline serum potassium. The remaining covariates ascertained at baseline had 1% missing values, except for ferritin (4%), peritoneal Kt/V (15%), renal Kt/V (15%), parathyroid hormone (2%), white blood cell count (25%) and serum glucose (37%).
Analyses and figures were conducted using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA), Stata version 13.1 (Stata Corporation, College Station, TX, USA) and SigmaPlot Version 12.5 (Systat Software, San Jose, CA, USA).
R E S U L T S
Study population
Among 4687 patients who met the inclusion and exclusion criteria (Supplementary data, Figure S1 ), we observed that 9% (n ¼ 399) had hyponatremia (defined as sodium <136 mEq/L) and 4% (n ¼ 170) had hypernatremia (defined as sodium !144 mEq/L) at study entry according to baseline serum sodium levels. In the overall cohort, the mean 6 SD, median (IQR) and minimum-maximum values of observed sodium levels were 140 6 3, 140 (138, 141) and 125-149 mEq/L, respectively. Comparison of characteristics among incident PD patients who did (n ¼ 4689) versus did not undergo baseline serum sodium measurement (n ¼ 1962) showed that those who underwent serum sodium measurement were more likely to be Caucasian, less likely to be Hispanic and less likely to be treated with automated PD at baseline or anytime during follow-up, while other socio-demographic, comorbidity and laboratory test characteristics were largely similar (Supplementary data, Table S1 ).
Characteristics of patients according to baseline serum sodium level are shown in Table 1 . Compared with patients in the highest sodium category (!144 mEq/L), patients in the lowest sodium category (<134 mEq/L) tended to be female, were more likely to be Hispanic and less likely to be AfricanAmerican, were more likely to have a history of diabetes and thyroid disease, were less likely to be receiving automated PD at study entry and had higher net 4-h ultrafiltration volumes with PET, had higher serum glucose and ferritin levels, and had lower residual kidney function (defined by renal urea clearance [renal Kt/V]), serum albumin and parathyroid hormone levels.
Predictors of serum sodium level
In case-mix adjusted analyses, patients who were female, with underlying diabetes, and higher peritoneal clearance (defined by peritoneal Kt/V), ferritin, white blood cell count and serum glucose levels were more likely to have low baseline serum sodium levels (<136 mEq/L; Supplementary data, Table  S2 ). In contrast, patients with higher residual kidney function (defined by renal Kt/V), serum albumin, total iron binding capacity and parathyroid hormone levels were less likely to have low baseline sodium levels.
Time-dependent serum sodium and mortality
Patients contributed a total of 7478 years of follow-up during which time 649 deaths occurred. Median (IQR) at-risk time was 11.9 (6.0, 20.9) months. In time-dependent analyses, we observed a strong, graded association between lower sodium level and higher mortality risk for sodium levels <140 mEq/L (ref: sodium 140 to <142 mEq/L) in minimally adjusted, casemix and case-mix þ liver disease adjusted analyses ( Figure 1A and Supplementary data, Table S3 ). In case-mix þ laboratory adjusted analyses, we observed an attenuation in the estimates of sodium and mortality for sodium levels <140 mEq/L, Figure 1A and Supplementary data, Table S3 ). A similar pattern of findings was observed in analyses additionally adjusted for serum potassium, glucose and bicarbonate ( Figure 1B and Supplementary data, Table S4 ). In analyses using a correction factor for glucose, we found that glucosecorrected sodium levels <134 mEq/L were associated with higher mortality risk in case-mix þ laboratory adjusted models (Supplementary data, Table S5 and Figure S3 ). In analyses of time-dependent serum sodium and mortality as restricted cubic splines, we observed that sodium levels <138 mEq/L were associated with a higher mortality risk, whereas levels 138-143 mEq/L were associated with a lower mortality risk, above which the survival benefit plateaued in case-mix þ laboratory adjusted analyses ( Figure 2C ).
Baseline serum sodium and mortality
We observed a graded association between lower sodium level (<140 mEq/L) at baseline and higher mortality risk (ref: sodium 140 to <142 mEq/L) in minimally adjusted, case-mix and casemix þ liver disease adjusted models ( Figure 3A and Supplementary data, Table S3 ). In case-mix þ laboratory adjusted analyses, there was an attenuation in the estimates of sodium and mortality for sodium levels <140 mEq/L, although associations remained statistically significant ( Figure 3A and Supplementary data, Table S3 ). Analyses additionally adjusted for serum potassium, glucose and bicarbonate showed similar findings, although the association between the lowest serum sodium category (<134 mEq/L) and mortality was no longer statistically significant in the model adjusted for blood glucose ( Figure 3B and Supplementary data, Table S4 ). In analyses using a correction factor for glucose, we also found that glucosecorrected sodium categories <140 mEq/L were associated with higher mortality risk in case-mix þ laboratory adjusted models, although the lowest category (<134 mEq/L) did not achieve statistical significance (Supplementary data, Table S5 and Figure S3 ).
We then examined baseline serum sodium as a continuous variable in restricted cubic spline analyses. Sodium levels <140 mEq/L were associated with a higher mortality risk, whereas levels 140-143 mEq/L were associated with a lower mortality risk, above which the survival benefit plateaued in minimally adjusted, case-mix and case-mix þ laboratory adjusted analyses (Supplementary data, Figure S2) .
Subgroup analyses
We then examined the association between sodium level dichotomized as <136 versus !136 mEq/L (based upon the time-dependent serum sodium threshold below which higher mortality risk was observed) and mortality across clinically relevant subgroups (ref: !136 mEq/L). In time-dependent analyses adjusted for case-mix covariates, point estimates of the association of serum sodium with mortality were incrementally higher for subgroups with lower values of net 4-h PET ultrafiltration (i.e. those with tendency toward net volume retention) (Figure 4 and Supplementary data, Table S6 ). However, interaction tests demonstrated that differences in estimates of the sodium-mortality association across subcategories were statistically significant only for subgroups of total urea clearance: P-interaction 0. 03 (Figure 4 and Supplementary data, Table S6 ). In analyses using baseline serum sodium, interaction tests demonstrated that differences in estimates of the association across subcategories were statistically significant for subgroups of serum Associations between time-dependent sodium level and all-cause mortality in minimally adjusted, case-mix and case-mix þ laboratory adjusted models (A) and models additionally adjusted for serum potassium, glucose and bicarbonate (B) among incident peritoneal dialysis patients. Minimally adjusted analyses adjusted for entry calendar quarter. Case-mix analyses adjusted for covariates in the minimally adjusted model, as well as age, sex, race/ethnicity, primary insurance, diabetes, alcohol use, congestive heart failure, chronic obstructive pulmonary disease, cerebrovascular disease, human immunodeficiency virus, malignancy, hypertension, atherosclerotic heart disease and other cardiovascular disease. Case-mix þ laboratory adjusted analyses adjusted for covariates in the case-mix model, as well as serum albumin, serum creatinine, total iron binding capacity, calcium, ferritin, hemoglobin, iron saturation, renal urea clearance (renal Kt/V), peritoneal urea clearance (peritoneal Kt/V), phosphorus, parathyroid hormone, white blood cell count, automated peritoneal dialysis status at baseline and automated peritoneal dialysis status during follow-up. Case-mix þ laboratory þ potassium adjusted analyses adjusted for covariates in the case-mix þ laboratory adjusted model, as well as serum potassium. Case-mix þ laboratory þ glucose adjusted analyses adjusted for covariates in the case-mix þ laboratory adjusted model, as well as serum glucose. Case-mix þ laboratory þ bicarbonate adjusted analyses adjusted for covariates in the case-mix þ laboratory adjusted model, as well as serum bicarbonate. Figure S4 and Table S6 ).
D I S C U S S I O N
In the largest study of serum sodium in PD patients conducted to date, we found that time-dependent sodium levels <140 mEq/L (as a proxy of short-term sodium-mortality associations) were associated with higher death risk independent of socio-demographics and comorbidities. Associations were somewhat attenuated but remained significant for sodium levels <136 mEq/L after accounting for PD modality and laboratory characteristics such as serum potassium, residual kidney function, and markers of nutritional and inflammatory status (e.g. serum albumin). Similarly, we observed that lower baseline sodium levels <140 mEq/L reflecting long-term sodium-mortality associations were associated with higher death risk, independent of socio-demographics, comorbidities, PD modality and laboratory tests.
To date, there has been sparse examination of the association between serum sodium level and mortality in the PD population, which has shown inconsistent findings. In a study of 387 PD patients with baseline normal sodium levels from a single center in South Korea, those who developed hyponatremia (defined as sodium <135 mEq/L) did not have higher mortality risk compared with those who remained normonatremic in multivariable-adjusted analyses [16] . Similarly, in a study of 318 Taiwanese PD patients, baseline serum sodium divided into quartiles (124-135, 136-139, 140-141 and 142-148 mEq/L) was not associated with 2-year mortality [15] . However, in a recent study of 441 incident Korean PD patients in whom timeaveraged sodium levels were examined as tertiles (sodium <137, 137 to <139 and !139 mEq/L), those in the lowest tertile had higher all-cause and infection-related mortality risk; when examined in continuous increments, a 1 mEq/L higher serum . Case-mix analyses adjusted for covariates in the minimally adjusted model, as well as age, sex, race/ethnicity, primary insurance, diabetes, alcohol use, congestive heart failure, chronic obstructive pulmonary disease, cerebrovascular disease, human immunodeficiency virus, malignancy, hypertension, atherosclerotic heart disease and other cardiovascular disease (B). Case-mix þ laboratory adjusted analyses adjusted for covariates in the case-mix model, as well as serum albumin, serum creatinine, total iron binding capacity, calcium, ferritin, hemoglobin, iron saturation, renal urea clearance (renal Kt/V), peritoneal urea clearance (peritoneal Kt/V), phosphorus, parathyroid hormone, white blood cell count, automated peritoneal dialysis status at baseline and automated peritoneal dialysis status during follow-up (C). sodium was associated with a 21 and 23% lower all-cause and infection-related mortality risk, respectively [14] .
Our study adds new knowledge to the field given its granular examination of both repeated and baseline sodium measurements in a multi-center cohort of US patients undergoing PD for the first time. We found a strikingly consistent association between lower sodium level and higher mortality risk across a number of secondary and subgroup analyses, although the exact sodium threshold below which higher mortality risk was observed varied across analyses (134-140 mEq/L). There are a number of potential mechanisms by which low serum sodium may lead to higher death risk in the PD population. For example, it is well known that severe hyponatremia is directly toxic to the brain, leading to cerebral edema and herniation, encephalopathy, seizure and coma [23] [24] [25] . However, even mild declines in serum sodium level can have adverse consequence upon the central nervous system, including disequilibrium, gait abnormalities, fall and fracture risk [1, [26] [27] [28] [29] . Indeed, a recent cross-sectional study of 472 PD patients showed that hyponatremia was associated with cognitive impairment ascertained by various formal testing methods [4] . Emerging data also suggest that hyponatremia leads to derangements in cardiac conduction and function, owing to inhibition of calcium channel circuits [30] . Hyponatremia was associated with higher risk of cardiovascular mortality in two large cohorts of maintenance hemodialysis patients from the Dialysis Outcomes and Practice Patterns and Accelerated Mortality on Renal Replacement studies, and lower serum sodium was associated with higher incidence of fatal and non-fatal cardiovascular events in a recent analysis of 441 incident PD patients [9, 12, 14] . A growing body of evidence also shows that hyponatremia may be a risk factor for infection due to (i) impaired interleukin-17 producing helper T cells that function in host immunity, and (ii) mucosal membrane and cellular edema leading to breakdown of microbial barrier function [31] [32] [33] [34] [35] . This bears particular relevance to PD patients, given that infection is the second most common cause of death following cardiovascular disease in this population, as well as a major risk factor for patients undergoing PD to transfer to hemodialysis [36, 37] . Furthermore, hyponatremia has been shown to be a risk factor for worse outcomes in patients with PD-related peritonitis as well as infection-related mortality risk in PD patients [14, 38] .
Our study also provides important insights into clinical characteristics linked with lower serum sodium level among incident PD patients. Corroborating findings from another study of risk factors for hyponatremia among 166 PD patients, we observed that lower residual kidney function (defined by renal Kt/V) was associated with lower serum sodium independent of case-mix covariates [2] . As the transition from normo-to hyponatremia may be a hallmark of loss of residual kidney function in PD patients, further study is needed to determine whether dysnatremia underlies one potential link between loss of residual kidney function and higher mortality in dialysis patients [39] [40] [41] [42] [43] .
The strengths of our study include: its examination of a large, nationally representative cohort of PD patients; focus upon an incident PD cohort whose survival is distinct from that of prevalent patients; availability of repeated measures of serum sodium that were obtained in the ambulatory setting and analyzed in a single laboratory; and granular data on comorbidities, dialysis treatment characteristics and laboratory tests. However, several limitations of our study should be acknowledged. First, included patients were required to have at least one serum sodium value, and while the indications for which sodium measurement within FIGURE 3: Associations between baseline sodium level and all-cause mortality in minimally adjusted, case-mix and case-mix þ laboratory adjusted models (A) and models additionally adjusted for serum potassium, glucose and bicarbonate (B) among incident peritoneal dialysis patients. Minimally adjusted analyses adjusted for entry calendar quarter. Case-mix analyses adjusted for covariates in the minimally adjusted model, as well as age, sex, race/ethnicity, primary insurance, diabetes, alcohol use, congestive heart failure, chronic obstructive pulmonary disease, cerebrovascular disease, human immunodeficiency virus, malignancy, hypertension, atherosclerotic heart disease and other cardiovascular disease. Case-mix þ laboratory adjusted analyses adjusted for covariates in the case-mix model, as well as serum albumin, serum creatinine, total iron binding capacity, calcium, ferritin, hemoglobin, iron saturation, renal urea clearance (renal Kt/V), peritoneal urea clearance (peritoneal Kt/V), phosphorus, parathyroid hormone, white blood cell count, automated peritoneal dialysis status at baseline and automated peritoneal dialysis status during follow-up. Case-mix þ laboratory þ potassium adjusted analyses adjusted for covariates in the case-mix þ laboratory adjusted model, as well as serum potassium. Case-mix þ laboratory þ glucose adjusted analyses adjusted for covariates in the casemix þ laboratory adjusted model, as well as serum glucose. Case-mix þ laboratory þ bicarbonate adjusted analyses adjusted for covariates in the case-mix þ laboratory adjusted model, as well as serum bicarbonate.
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the study population cannot be ascertained, this was likely at the discretion of medical providers. Comparison of characteristics among patients who did versus did not undergo sodium measurement showed that there were clinically meaningful differences in race/ethnicity, as well as in utilization of automated peritoneal dialysis. Second, while we were able to adjust for a large number of confounders of the association of serum sodium with all-cause mortality, we were unable to account for certain dietary factors Minimally adjusted analyses adjusted for entry calendar quarter. Case-mix analyses adjusted for covariates in the minimally adjusted model, as well as age, sex, race/ethnicity, primary insurance, diabetes, alcohol use, congestive heart failure, chronic obstructive pulmonary disease, cerebrovascular disease, human immunodeficiency virus, malignancy, hypertension, atherosclerotic heart disease and other cardiovascular disease. *Denotes statistically significant interaction P-value (P-value <0.05). † Upper bound of 95% confidence interval exceeds figure limits. CHF, congestive heart failure; APD, automated peritoneal dialysis; PHOS, phosphorus; PTH, parathyroid hormone; D/P, dialysate to plasma. (sodium, potassium, fluid intake) and PD treatment characteristics (use of icodextrin versus glucose-based PD solutions), which may have resulted in residual confounding. However, it should be noted that the use of icodextrin within the large dialysis organization was infrequent during the study period, and hence is unlikely to be a confounder [18] . Third, while it is possible that some of the lower sodium values may have been observed in the context of hyperglycemia, we accounted for serum glucose derangements in multivariable models. Fourth, we did not have information on cause-specific death (e.g. cardiovascular, infection). Lastly, given the observational cohort study design, our findings do not confirm a causal association between dysnatremia and mortality risk in PD patients.
In conclusion, our study shows that lower serum sodium levels measured over time and at baseline are associated with higher death risk in incident PD patients. Further studies are needed to determine (i) the mechanistic pathways by which lower serum sodium levels are linked with higher mortality in PD patients, (ii) whether hyponatremia may contribute to the heightened mortality associated with loss of residual kidney function and (iii) whether correction of sodium derangements improves outcomes in the PD population.
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A B S T R A C T
Background: Inadequate protein intake and hypoalbuminemia, indicators of protein-energy wasting, are among the strongest mortality predictors in hemodialysis patients. Hemodialysis patients are frequently counseled on dietary phosphorus restriction, which may inadvertently lead to decreased protein intake. We hypothesized that, in hypoalbuminemic hemodialysis patients, provision of high-protein meals during hemodialysis combined with a potent phosphorus binder increases serum albumin without raising phosphorus levels. 
